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© Prosthetic stent. * 

© A prosthetic stent (20) for internal support of a bodily 
duct such as a blood vessel (10) or other passage which may 
be collapsed for insertion into a duel and then expanded to 
provide active internal support for the duct. The stent (20) 
comprises a flexible generally tubular body of braided 
filaments having a first configuration (26) that is radielly 
expanded and axially shortened and having a second 
configuration (28) which is radially contracted and axially 
lengthened and having means for biasing the tubular body 
from said second configuration (28) towards said first 
configuration (26). In- one embodiment, the means for 
biasing the tubular body comprises the braided filaments 
themselves, the filaments having been annealed to a rest 
geometry in the first configuration (26). In another embodi- 
ment, means for biasing comprises a plurality of warp 
filaments that are longitudinally woven into the braided 
filaments to provide a frictional interface with respect to the 
various filaments. In yet other embodiments, elastic or 
heat-recoverable, shrinkable warp filaments are utilized. 
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DESCRIPTION 
PROSTHETIC STENT 



This invention relates to the field of interventional. - : "r 
5; radiology, and more particularly to a prosthetic stent -for • ' * 3 
introduction, into a bodily duct, e.g., a blood vessel after an 
angioplasty or other procedure requiring internal support of 
blood vessels or similar ducts or cavities . 

A significant cause of disability and death throughout the 
history of mankind .has been cardiac disease . which . affects a" ■ 
portion of the arterial system which carries blood to and from 
the heart. : , A complication . associated with cardiac disease is ■•? 
the acute/chronic occlusion (blocking) ."of blood vessels in the 
body and in particular the heart . Remed ial measures include 
blood vessel- resection (replacement), by-pass grafting, and . 
angioplasty. Angioplasty appears to offer a very promising 
therapeutic technique in symptomatic patients having coronary 
and peripheral artery disease. Angioplasty is a non-surgical, 
minimally-invasive technique whereby a catheter with a balloon 
attached to one end is introduced into the body via the femoral 
(leg) or brachial (arm) artery and is directed to the occluded 
vessel. Once at the occluded site. and when the catheter/balloon 
are in place in the stenosis (occlusion mass/plaque), the 
balloon is inflated using a radiopaque liquid. The inflated 
balloon causes the plaque to separate and, after two or three 
cycles of inflation and deflation, the plaque is displaced suf- 
ficiently to reopen or make patent the previously-occluded 
vessel. 
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The degree of success of this procedure depends upon the 
physician's ability to maintain the patency (openness) of the 
vessel after the angioplasty procedure. It is believed that V) 
about sixty percent of the cases reocclude in six to 'eight 
weeks, as the plague "cold flows" back into its original pbsi- 7 
ti on ..with in the affected vessel. The problem at hand is to • 
provide »a means for maintaining the patency of the vessel after 
a "successful" angioplasty procedure. 



;\- ' ■•; • ■• . -'try 

- . ■ ... . . -v.:;-.--... 



U.S. Patent No. 4 , 413 , 989, incorporated herein by . 
reference, discloses an angioplasty catheter assembly or '-^ 
catheter attachment. ; This patent discusses the problems ass o- : 
ciated. with., the angioplasty technique, yet fails to recognize •■• 
and provide a solution to the reocclusion of the expanded" '* 
vessel..... . . : i,.i> w , i.;.-,„:.iU iv iV^4w^y-:^v'---^-- '• ■ - > : •'<••>> 

• U.S. Patent No. 4,190,909 discloses a prosthetic graft for 
the repair of ducts in a living body wherein a woven tube is.:, 
disclosed which may be. grafted to arterial tissue and which , 
causes ingrowth of tissue into the graft to create a permanent 
bond. . • . , 

UlS. Patent No. 4,182,339 discloses an anastomotic device 
for receiving and connecting the free ends of flexible tubing 
to be connected. The devices shown in this and the above- 
mentioned patent are typical of the passive prosthetic devices 
which are used to connect or take the place of a blood vessel. 
In contrast, the instant invention is a prosthetic stent (a 
supporting device) which provides an active internal support 
for a blood vessel to contain and restrain possible "cold flow" 
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of plague that has been separated by an angioplasty procedure. 
The sub.jfict stent is a tubular body of braided filaments which ' 
provides a working component which supplements ^the strength of 
the blood vessel.- In addition to support, the prosthetic stent 
of . the instant invention provides braided filaments which are 
receptive to tissue ingrowth to provide a permanent bond after 
the ' stent is in- place. ' : ■ ■•- : ' ; ' \/ -.;V- : 



SUMMARY OF THE INVENTION 



i, : ,v . The purpose of ..the instant invention is to; provide a 
prosthetic stent which may be collapsed for insertion into ''a 
bodily duct such as a blood vessel via a catheter and then may 
be expanded to provide active internal support for - the blood 
vessel. To accomplish this purpose, the instant invention pro- 
vides a flexible, generally tubular body of braided filaments, 
having means for biasing said tubular body toward an expanded ' 
configuration within a blood vessel. Specifically, the present 
invention provides a prosthetic stent comprising: a flexible,,; 
generally tubular body of braided filaments, said body having a 
first configuration that is radially expanded and axially shor- 
tened, and" having a second configuration that is radially 
contracted and axially lengthened; and means for biasing said 
tubular. body from said second configuration towards said first' 
configuration. 



One embodiment of the instant invention provides biasing 
of the tubular body by the braided filaments having been 
annealed in a radially expanded and axially shortened con- 



figuration. In another embodiment, biasing may be accomplished 
- by the utilization, of a plurality of warp filaments which are 

~-~f -longitudinally woven into the braided filaments generally ^ / 

parallel to the ax i s of • the tubular body. The warp filaments 
- may provide. a ...f rictional interface with respect to the braided 
, filaments to, resist radial contraction and axial lengthening of 
the tubular body-. In this embodiment* the prosthetic stent- is - 
• - •^•expanded into position by inflation of the angioplasty balloor 
;• durin 9 the angioplasty procedure.. In another embodiment, the 

••: ~» warp filaments are shrinkable to axially shorten the tubular , 
: ^|: : ; body to the ' radially expanded ^ conf iguration^ It is ' also within 
■■ ; ;^20k the scope, pfv the ; invention • to have • the warp .filaments elasti- '<\- 
cally shrinkable or ; heat-recoverable./-; . '^K W>;r : 

■,c.^^ii ....... ., r _., ; , ... . DESCRIPTION OF THE DRAWING - , -W :v> •;.*•!. 

; .Figure 1 is a cross -sectional view of an occluded blood . 

. /vessel in the body.- r : -y. ■■ ■ ■■■ -v. .. ) [j. .'. ;.. : ;;':>:■ 

Figure 2 . is a figure similar to Figure 1 illustrating an 

angioplasty technique wherein a catheter with a balloon : 

attached is introduced into the body in the area of the occlu- 
sion. . . ... ; • .. .. '■ ,-. 

Figure 3 illustrates the placement of the prosthetic stent 
of the instant invention via a catheter into an area that has 
been previously treated as in Figure 2 by the angioplasty pro- 
cedure . 

Figure 4 illustrates an alternate embodiment of the 
instant invention wherein the prosthetic stent further includes 
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a plurality of warp filaments longitudinally woven into the 
braided- -filaments shown in Figure 3 generally parallel to the ■ 
..tubular, body of the stent. Also shown in Figure 4 is the- <S 
integration of such an alternative embodiment and an 
angioplasty balloon as a single-use system., 

Figure 5 illustrates yet another embodiments of the" instant- 
invention wherein the diameter of the prosthetic stent nay ^ .. 
vary along the length thereof.. —I. . : 

QS;-i^"55;>: ; . • ; ; DESCRIPTION OF THE PREFERREb EMBODIMENTS .' ' <J ? 

. With reference to the drawing, Figure i'l illustrates a VS^? 
blood vessel 10 in a body and in particular in the heart. ':' 
Vessel 10 is occluded (blocked) by a stenosis , in the form of . 
plaque 12 which restricts the flow of blood shown generally .: : 
at 14. 

Figure 2 illustrates an angioplasty procedure wherein, 
angioplasty bailoon 16 attached to catheter 18 has been 
inserted into the occluded area of the blood vessel 10 and the 
balloon 16 has been expanded to compress the plaque 12. As 
discussed earlier, the balloon 16 is inflated using a radioque 
liquid, causing the plaque 12 to separate and, after two or 
three cycles of inflation and .deflation , the plaque is 
displaced sufficiently to reopen or make patent the previously- 
occluded blood vessel 10. 



Figure 3 illustrates the prosthetic stent of the instant 
invention being introduced or positioned in the affected blood 




vessel 10 by a catheter 22 having a piston-like plunger 24 
therein-. Prosthetic stent 20 may be collapsed for insertion 
into the blood vessel via the catheter 22 and then expanded to 
provide active internal support to the vessel 10 to prevent the 
compressed plague from "cold flowing^ back to its original 
position within the affected vessel; 

What is proposed is a means of maintaining the patency of ; 
the vessel reopened using angioplasty procedure by the secon- 
dary placement via a catheter 22 of the prosthetic stent 20. 
A stent is defined as "•••a device or mold of any suitable 
material used to hold a graft in place or to provide support! 
for tubular structures that are being anastomosed." .- v 
Anastomosis is MT)o create a communication between two vessels 
a passage..." These definitions were obtained from Dorland's*' 
"Illustrated Medical Dictionary 24th Edition <l965>,'- ; " ; ^ ; ^ 
W. B. Saunders Co., Philadelphia, PA. . " / " 

The prosthetic stent of the instant invention comprises a 
flexible, generally tubular body of braided filaments, the body 
having a first configuration that is radially expanded and 
axially shortened such as the portion 26 of the stent 20 shown 
in Figure 3, and having a second configuration that is radially 
contracted and axially lenthened such as the portion 28. The 
prosthetic stent also includes means for biasing' the tubular 
body from the second configuration towards the first con- 
figuration. In the embodiment shown in Figure 3/ this means- 
for biasing the tubular body is integral with the braided fila- 
ment construction in that the braided filaments have been 
annealed in the radially expanded and axially compressed first 
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configuration to a rest geometry, as will be more fully 
discussed later. Figure 3 illustrates how the braided tubular;* 
body may be axially lengthened and therefore, radially f : . . 
contracted, to ..fit within catheter 22. ... Stent 20 will then ■. 
return to the radially expanded axially compressed condition to 
provide an active support for the blood vessel 10. r. 

The Prosthetic stent, is lengthened and placed 'inside 
catheter, while the stent is in its second configuration, and . , : 
positioned within the artery or vessel in the area of the ori-. 
ginal stenosis . Once the distal end of the catheter is in':':/f.fr 
position, ..the prosthetic stent is pushed; via r ; an rinte^rnal^^ij 
piston • component ,24 from the end of i- the 1 'catheter *Tt -to* expand^ 
and thus, support, the plaque and prevent flow .that would 
reocclude the vessel. ■ ....... .•....'*,«., .,-^'Ck:':;.i2. 

Prosthetic stent 20 of the instant invention : is manufac.-^-:' 
tured from- virgin thermoplastic polyester fiber filaments which 
are braided into a generally tubular body. The resulting .Ji. 
structure resembles a "Chinese finger handcuff", device. '■ ■ 

series of interwoven fibers are arranged helically and con-, . 
figured into a tubular shape. Each fiber is capable of .inde-. 
pendent angular rotation which results in. a contraction or.... 
expansion of the diameter of the tube. 

The fibers are oriented by heat-setting or annealing in ; 
the expanded configuration of the tube, which results in the 
tube's "rest" geometry being expanded. The resultant tubular 
product can also be compressed radially to a reduced diameter 
for insertion. The prosthetic stent, due to its helically 
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oriented and radially biased filaments, possesses a remarkable- 
"kink" resistance which makes it suitable as an internal rein- 
forcement device for blood vessels or bodily passages and ducts 
to aid in maintaining patency of the vessel , passage or duct. v^- 
This "kink- resistance is especially evident when the prosthe- ; 
tic stent vis bent to a radius equal to its own diameter °r ; v 
l^ss. Additionally, the construction of the prosthetic stent, ■ 
in particular the helically oriented filaments ,. permits various 
diameter changes along the length of. the stent with equally ; . 
good "kink" resistance. : . This could be especially valuable in- . .. 
the ' internal, reinf orcement of a vessel; passage or duct whose ; .: 
diameter varies over. relatively short lengths.-;; Such a stent is 
shown in Figure 5 and will be discussed below.: ^^J^^i?'?^ 

i n . general r when a stent of the instant invention is shor- 
tened longitudinally, there is an attendant increase or expan- 
sion in the diameter as . the length decreases. When released,... 
. the device returns to its normal -rest" geometry, i.e., longer 
length and smaller diameter. If,. however, the material is held 
in the longitudinally compressed state at its larger diameter, 
supported over a mandrel, and annealed at an elevated tern- 
perature, the "rest" geometry is now the larger-diameter- 
shorter-length configuration, but can be compressed radially or 
tensioned. longitudinally to the original smaller diameter. 

v' The fibers for the instant invention are made from biocom- 
patible materials,' some examples of which are: thermoplastic 
polyester, polyethylene, thermoplastic soft segment polyure- 
thane, polymethylmethacrylate, polytetraf luoroethylene , sili- 
cone polymers and elastomer ic polyurethane polymers. 



The materials chosen for the prosthetic stent are poly- 
meric substances that will not promote thrombis or blood 
clotting- on their surfaces , i.e. the braided filaments are non- 
thrombogenic. • In addi tion r testing has been accomplished in 
the areas of cytotoxicity, direct contact and extraction hemo-' 

.lysis, with.negative results, i.e. the braided filaments are ; 
noti-toxic. and. non-hemolytic. These tests indicate further *the- 

.biocompatible nature of the materials chosen. 

-,: In addition: to the biocompatibility of . these materials 
their> geometric'; configuration;. .of /high open/surf ace .area,allow^ 
a9 £ i 5 te 5 lac;in9 of the . surrounding, tissue - (endothelium ^in^the v 
case "of" tiood 'yesselsy around' and; through prosthetic.! stents^ 
made; from these- materials, ^w^' ^./ 

<• ^- -.The ingrowth of tissue, primarily endothelium, which is .:. 
the interior lining of the blood vessel, will eventually encap- 
sulate the prosthetic stent and the contained plaque. The ■ 
natural reconstruction of the affected area would then be' • 
underway. 

An alternate embodiment of the instant invention is the 
manufacture of a prosthetic stent from bioerodable materials, . 
for example (but not limited to) catgut, in situations where 
the necessity for permanent implantation is not indicated in 
the therapeutic protocol. 

Another alternate embodiment of the instant invention is 
shown in Figure 4 and includes warp filaments that run longitu-. 
dinally to the axis of the tubular body of the prosthetic stent 
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and are interwoven with braided filaments " of the stent. As can 
be seen, clearly in Figure 4, prosthetic stent 30 comprises a 
generally tubular body ofbraided filaments 32 and 
longitudinally-oriented warp filaments 34 interwoven into the^ 
braided filaments 32 generally parallel to the axis of the • 
tubular body. Warp filam entg_34 frictionally • interfa cew^-; 
respect to the braided filaments^ to maj^italn the :prostheti^ $K- 
s tent in whichever conf igu r a t i on th e st ent_.i s manip ula ted . ' ^ V/ 
Once manipulated- to a radially expanded configuration/ thewarp 
f ilaments;_34. will bias the tubular body toward this expanded"^* 
configuration/ In this alternate e mbodimen t rljthe^r&i ded f ila- 
ments need not be anneale d as des cribed earlier . The" pros ther-- 
tic st ^t may , then be placed on the balloon ',. 36Twhic^is 
attached to~the catheter j^8 ,^and the entire assembly is thenW;^ 
positioned via the catheter 38 at the stenoticTTiTe". ^The" " \ *. 
b *L loon and jj?* ^prosthetic stent 30 are expanded"^^hTrT~the - * - 
plaque in the one cathet erization, as is s howr T in Figure 4. . 
The balloon '36 may then be deflated and removed, with the*- ^» .' 
prosthetic - stent 30™ in the~ex^ ( s"ec~6nd T l:6n£i^ratrc^^ * 

remaining, the warp filaments 34 biasing ""the tubular "body 7 *"' 
toward - the^'f irst HexpThded ) "conf iguration ' . The expanded 
prosthetic stent will restrain the possible "cold flow" of the 
plaque. . — - 

In yet another embodiment of the instant invention, the 
warp filaments 34 exactly as shown in Figure 4 may be 
shrinkable. It is apparent from the above discussion that a 
shrinkable warp filament will physically attempt to move and 
thus bias the tubular body from the second toward the first 
configuration upon shrinking. It is within the scope of the 
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invention to have this shrinking accomplished by elastic warp 
filaments. It is also within the scope of the invention to • 
have yet another embodiment wherein the shrinkable warp fila- • i 
ments are heat-recoverable. In these embodiments the warp^.^i 
filaments -should. be. secured at their ends to respective ends of 
the tubular body such as by heat-sealing; adhesives, etc*: It. 
is within the scope' of the invention to not attach the warp 
filaments, at their respective ends but rather to depend upon 
the frictional interface between the warp filaments and the 
braided filaments to bias and move the braided filaments. . 
Examples of shrinkable elastic materials, are synthetic latexT'fi 
fibers and isoprene latex fibers. Examples of shrinkable heat- 
recoverable materials used for making shrinkable warp filaments 
are: vestenamer, - polyethylene oxide and pol.ymethacry late '.' '' 
These warp filaments can be heat-shrinkable at 37°C or passive 
to allow diametric changes and maintain these changes by exter- 
nal manipulation. - : 

Figure 5 discloses a prosthetic stent 40 wherein -the 
generally tubular body varies in diameter along the axis 
thereof from a large-diameter portion 42 to a smaller-diameter 
portion 44. This may be accomplished by known braiding tech- 
niques or by annealing a previously cylindrical stent over a 
non-cylindrical mandrel. Other geometries are thus within the 
scope of the invention. 

It is therefore apparent that the invention is comprised 
basically of a flexible, generally tubular body of braided 
filaments which may take various forms described herein. 
However, the invention, in its broader aspects, is not limited 
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to these specific embodiments , and departures may be made 
therefrom within the scope of the accompanying claims without 
departing~f rom "±heir principles and without sacrificing their 
chief advantages,. . ;> \\ ;-•■■;:;;.* ■■"* ' ' : • 
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: . 1.. A prosthetic stent which may be collapsed for inser- 
tion into a bodily duct and then expanded to provide active 
internal support to the duct, comprising: i. 



..... a flexible, generally, tubular body of braided fila-- ^ 
ments, said body having a first configuration that is radially 
expanded and axially shortened, and having a second con- 
figuration that is radially contracted and axially lengthened; 



means, for biasing said tubular body from said second VA* 
configuration towards. said first configuration. 

.2. A stent as in claim 1 wherein said means for biasing, 
comprises braided filaments which are annealed to a rest ■ ; 
geometry in the first configuration. 

3. A stent as in claim 1 or 2, wherein said means for 
biasing comprises a plurality of warp filaments longitudinally 
woven into the braided filaments generally parallel to the axis 
of said tubular body. 

4. A stent as in claim 3 wherein the warp filaments fric- 
tionally interface with respect to the braided filaments when 
the tubular body is in said first configuration. 

5. A stent as in claim 3 or 4, wherein the warp filaments 
are shrinkable. 



6. A stent as in claim 3, 4 or 
ments are shrinkable and are secured 
respective ends of the tubular body. 



5, 

at 



wherein the warp fila- 
their ends to the 



4 , •# 
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7. A stent as in any one of claims 3 to 6 wherein the 
warp filaments are elastic, and/or heat recoverable. 

8. A stent as in any preceding claim, wherein said • 
braided filaments are receptive to tissue ingrowth. 

"*" ir 9. a stent as in any preceding claim, wherein said v> 
braided filaments are non-thrombogenic, or non-hemolytic.. • 

10. ' A stent as in any preceding claim, wherein the * 
diameter of the tubular body varies along the axial length ■ 
thereof. ' - " t ' : "" v-"*v. '■' 



: 11. A stent as in any preceding claim wherein said • 
braided. filaments are bioerodable, and preferably are made from 
catgut material. 

12. A stent as in any preceding claim, wherein the braided 
filaments are made from a thermoplastic polyester material, tor*, 
from a thermoplastic soft segment polyurethane material. 

13. A prosthetic stent according to any preceding chain, 
for use in a method of providing internal support to a bodily 
duct, in which method the stent is collapsed to insert it into 
the bodily duct and then expanded to provide active internal 
support for the duct. 



§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§ 
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